an efficient system of management practice [4] . Such an environmental policy emphasizes the important role of recycling and sustainable consumption behaviors. In the past, many researchers have presented the relevant studies in association with the issue of municipal solid waste (MSW) [5] [6] [7] [8] . For example, Chen [6] analyzes the relative efficiency at each stage of MSW management practice by using the DEA (data envelopment analysis) technique. Many researchers have suggested the source separation at home for municipal solid waste management in order to enhance recycling performance and to reduce processing costs [9] [10] [11] . In practice, many countries have accepted source separation as part of their environmental policies for municipal solid waste management. However, the evaluation of recycling performance for each fraction in MSW is not spread extensively in prior studies. Thus, the purpose of this paper firstly is to compare the recycling performance for each waste fraction based on the historical data provided by Taiwan's Environmental Protection Agency (EPA). Based on the outcome of recycling performance for each waste fraction, this paper attempts to explain the potential causes of recycling performance for each waste fraction and to present some improvement strategies for policy makers.
Research Methods
According to the current management practice regulated by Taiwan's EPA, recyclable wastes include waste paper, waste metal can, waste plastics, and food wastes. In order to make a preliminary standing on the status of Taiwan's MSW management practice, Fig. 1 demonstrates the trend of MSW generated and MSW recycled. The total MSW generated has been in continuous decline, decreasing from 8,992,000 tons in 1998 to 7,229,000 tons in 2015. The per capita MSW generated in 2015 was reduced by 63.56% compared to 1998, and reached 0.85 kg/day/capita [12] .
In contrast, the MSW recycled increased from 149,876 tons in 1998 to 3,993,101 tons in 2015. Fig. 1 demonstrates that MSW recycled kept an increasing pattern during 1998-2010, but started to be flat after 2010 due to decreased MSW generated. The MSW recycled accounts for about 55.20% in 2015. This implies that the recycling performance for all recyclables works well in past decades.
Considering the fact that data of recycling amounts for some waste fractions are not available, the analysis period for recycling performance in this paper covers [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] (Table 1) . At the earlier stage, the amount Fig.1 In this paper, the recycling performance for each waste fraction i is measured by:
…where w ri is the amount of ith waste fraction recycled each year, w gi is the amount of ith waste fraction generated, and θ i is the recycling performance of the ith waste fraction. The ith waste fraction generated w gi is calcualted by: (2) …where w c is the amount of MSW collected and delivered to either incinerators or landfills for final disposal, and c i is the composition of the ith waste fraction in the MSW delivered for final disposal.
A typical analysis of MSW composition is given in Table 2 in order to understand the refuse characteristics. We find that the incombustible waste in MSW collected, including iron, metal, and glass, is greatly reduced -from 13.42% in 1998 to 2.06% in 2015. This implies that the recycling of all this incombustible waste sorted as recyclables is successful.
In contrast, combustible waste increased from 86.58% in 1998 to 97.94% in 2015. Most of these combustible waste fractions did not change very much except for food wastes. The food waste in MSW increased from 18.29% in 1998 to 40.39% in 2015. The high content of food waste in MSW may be attributed to relatively better performance of recycling on other recyclables. The other reason may be attributed to the particular property of food waste that may generate odor. As the collecting frequency for food waste is only 3 times a week and households are reluctant to store food waste at home overnight, food waste is packaged and disposed of as general waste by households.
Results and Discussion
The recycling performance for each waste fraction is calculated based on Eq. (1), and the result is listed in Fig. 2 . The recycling performance for all recyclable waste tended to increase -from 16.50% in 2003 to 55.17% in 2015. This implies that recycling performance in Taiwan is significantly good. On the basis of each waste fraction, the recycling performance for glass, paper, and metal keeps a trend of continual growth, while plastics and rubber, textile, and food wastes execute an inverted U-shape, which increases and reaches a peak and then declines. Among the waste fractions, the recycling performance of waste metal ranks at the top. Chen [13] indicates that the recycling behavior may take place spontaneously when waste metal can be sold at a good price. In the past decade, the market price of some waste recyclables is sufficiently high to encourage many private collectors to engage in recycling, while that of some other waste recyclables is comparatively low. For example, the price for scrap aluminum in the U.S. market is US$ 0.25-0.35/lb ($0.55-0.77/kg; source: crapmsc.com/our-pricing), and $0.06-0.08/lb for scrap cast iron ($0.132-0.176/kg; source: rockawayrecycling. com/scrap-metal-prices). In the Chinese market prices are $60-90/ton for waste paper and $300-500/ton for scrap PET bottles (alibaba.com/showroom/waste-paper-prices. html).
In contrast, waste textiles rank at the bottom, with even its recycling performance increasing from 6.59% in 2003 to 22.57% in 2003. The market price of waste textiles is very low at about NT$ 1.00/kg (about US$ 0.03/kg), and thus very few collectors focus on the recycling of waste textiles. The recycling performance for both plastics and rubber and food wastes is almost the same. Before 2014, the recycling performance of food waste kept ahead of plastics and rubber. The recycling performance of plastics and rubber keeps rising, growing from 7.73% in 2003 to 37.47% in 2015. The low recycling performance of plastics and rubber compared to other waste fractions may be attributed to its low market price. The current price is NT$ 2.0/kg (about US$ 0.67/kg) for waste plastics, NT$ 10/kg (about US$ 0.33/kg) for waste plastic containers. In addition, the incineration of waste plastics or rubber can generate electricity for sale and may be more beneficial to the environment [5] .
On the other hand, the recycling performance of food wastes increased from 9.15% in 2003 to 39.18% in 2012, and then a peak of 40.73% in 2013, then falling quickly to 31.81% in 2015. The recycling rate of food waste increased from 169,000 tons in 2003 to a peak of 835,000 tons in 2012, and then decreased to 795,000 tons in 2013 and 610,000 tons in 2015. The decline of recycling performance for food waste after it reaches to a peak may be attributed to no market value of food waste and the difficulty in collecting it.
Discussion
This paper finds that the recycling of food wastes has declined in recycling amount and recycling performance since 2012. This implies that some hidden problems occur with the recycling of food waste. A variety of studies emphasize the importance of recycling and upgrading food waste for the recovery of useful products or energy. In brief, the major benefit of food waste recycling includes: 1) the saving of final disposal costs either by landfill or incineration, 2) the extension of service life for incineration plants, and 3) the avoidance of consequent impacts on the environment arising from landfill or incineration. As food wastes possess high organics and water content derived from kitchen residue, the incineration or landfilling of food waste may generate a significant impact on greenhouse gas emissions, hazardous gases (i.e., hydrogen sulfide, ammonia), and leachate [14] [15] . The incineration process consumes a lot of energy and the life cycle of the incinerator could also be reduced due to the high content of moisture and salt in food waste.
Probably the most controversial pollutants from incinerator emissions are the categories of toxic chlorinated organics. Secondary emissions may occur at the landfill or incineration process for food waste disposal. Biogas is generated during the decomposition of organic waste in landfills, providing high impacts on the warming effects. Due to the significant greenhouse gas emissions from landfills or incinerators, it is necessary to mitigate future climate change impacts by diverting the waste disposal from incineration or landfilling to recycling [16] .
Currently, no market value exists for food waste, and its storage may generate odor and becomes a nuisance. How to solve the problem is a vital factor in encouraging the recycling of food waste. Furthermore, Miller (1999, p. 67) suggests that the sustainable development of a society can be attained through "l) reusing and recycling most nonrenewable matter resources, 2) using potentially renewable resources no faster than they are replenished, 3) using matter and energy resources efficiently, 4) reducing unnecessary consumption, 5) emphasizing pollution prevention and waste reduction, and 6) controlling population growth." And thus, this paper suggests preventing the generation of food waste at the source, and then to reinforce the application of food waste and to reduce the nuisance of food waste storage and collecting to encourage recycling.
The Prevention of Food Waste Generation
Basically, the generation process of food waste is illustrated in Fig. 3 , in which it is classified into 2 categories: consumptive and productive. Productive food waste occurs at the stage of food preparation while consumptive food waste is generated at the stage of postpreparation and consumption. The consumptive source includes household kitchens, commercial restaurants, and restaurants in dormitories, schools, etc., and productive sources are specific to the relevant units in the food supply chain such as retailers, traditional markets, super markets, etc. The generation of productive food waste may occur at each stage in the food supply chain, including food storage, transportation, processing, at retailers, and final processing for food production in the kitchens of restaurants and households [17] . The European Commission [18] points out that 42% of total food waste is generated from households, 39% by the production and processing sector, 14% by the food service and catering sector, and 5% by the retail/wholesale sector.
A large quantity of edible food are lost at every stage of the food supply system, such as supermarkets or retailers. Eriksson et al. [19] analyzed the flow of fruit and vegetables at 6 Swedish retail stores and found that about 4.3% of delivered quantity is thrown away and seen as food waste. In general, the food residue generated from wholesale and retail systems is collected by private contractors and mixed with general MSW for final disposal either by incineration or landfills. The food wastes generated from food service institutions like restaurants are generally collected by private collectors and delivered to incinerators or landfills. In practice, household food waste separated from general MSW are collected by public collectors and delivered to the distribution center for advanced processing.
The empirical study of Segarra-Oña et al. [20] finds that managerial concern about environmental aspects may positively affect the adoption of proactive environmental strategies in the firm. The policy change is another factor to force a firm to switch their reaction strategies to proactive strategies [21] . As food wastes generated by productive units such as food processing plants, retailers, restaurants, etc. account for about 58% [18] , a policy change is required to motivate food producers to engage in proactive strategies to avoid or mitigate generating productive food waste. This paper suggests that 1) a tax imposition on the generation of productive food waste is suggested to encourage the reduction in food wastes and 2) productive units should be responsible for the disposal of food wastes by installing appropriate treatment systems.
On the other hand, the consumption pattern is important for affecting the total amount of solid waste generation in a society. This paper suggests that environmental education is required for consumers to engage in green consumption voluntarily.
The Application of Food Waste
Prior studies suggest that the reuse of excess food is not applicable due to the perishability of edible food and the mistrust of food quality [22] . In general, anaerobic digestion and aerobic composting are seen as two effective methods for treating various types of organic waste [23] . Digestion and composting technology for food waste has proven to be technically and economically viable in order to avoid the risk of pathogen infections. Thyberg and Tonjes [24] compare the environmental impacts of 7 scenarios for the disposal of food wastes and found that the anaerobic digestion scenario scored best, followed by tunnel composting. Theoretically, all degradable organic wastes can be digested or composted, but only a few types like food wastes and sludge are feasible for recovery by a dedicated plant.
The mechanical pre-treatment unit for the shredding of large objects through a belt conveyor is used to reduce the size of substrates before the removal of wastes that cannot be digested or composted. The size reduction can increase the surface area for microbial action and thus the decomposition can be easier for harder materials like fruit peel or wood. The food waste after shredding operation is mixed with some supplementary material as the composting process requires considerable quantities of supplemental material necessary to be mixed with the input material of food wastes to maintain good digesting or composting condition.
Food wastes are digested in the absence of oxygen (anaerobic bio-digestion), in which food wastes are converted to produce a methane-rich gas through microbial reaction. In other words, anaerobic microorganisms convert food waste into methane (CH4) and carbon dioxide (CO2). The conversion process for producing biogas is typically operated in closed reactors at elevated temperatures and facilitated by bacteria.
Theoretically, the production quantity of biogas follows the reaction formula expressed below:
In practice, biogas yield is affected by the type of feedstock and the substrate used in the biogas plant. The ingredient of food waste is a major factor for the operating performance of biogas production.
In contrast, food waste is mixed with supplementary materials and maintained at water content of 50-60% and C/N ratio of 26-35 for producing compost. A regular windrow turning (about twice a week) can improve the speed of the process and product quality. A time span of several days to months is required for the aerobic waste composting process to stabilize the food waste under controlled aerobic conditions, depending on the process automation and inoculation. The maturated compost mix is moved to another space and waits for post fermentation that takes about 45-60 days. The final compost product is screened and bagged into 25 kg or 40 kg bags.
The investment cost for composting facilities depends on the choice of composting capacity and the level of automation [25] . Generally, the choice of optimal composting process and capacity needs to make a trade off among labor, land, and capital costs, plus other parameters.
Food waste in most cases is easy to degrade and may emit odor during collection and transportation. Considering the simple operation and low investment costs, and the odor emissions arising from the storage and collection of food waste, this paper suggests that the wholesale and retail systems may install biogas production units or composting plants. The food waste generated in the production institutions is delivered to the affiliated plant for production of biogas or composts. In such a case, transportation costs can be avoided and odor emissions can be reduced to a minimum.
Conclusion
This paper develops a simple calculation method to define recycling performance for each waste fraction. Through the comparison of recycling performance for each waste fraction, this paper finds that the recycling performance of waste metal ranks at the top due to the high market value of waste metal. In contrast, the recycling of food waste is found to meet a bottom neck as its recycling performance reaches a peak and then declines. The reduced performance for food wastes may be attributed to no market value and difficulty in storing and collecting food wastes. This paper suggests 2 instruments to remedy the recycling barriers of food wastes: 1) a tax is imposed on the food waste generated in the production process and 2) the productive institutions have to install their affiliated digestion or composting plants for recycling food waste. The installation of a digestion or composting plant for food waste may provide significant benefits to human and ecosystem health. The biogas or composts produced not only yield economic benefits but also reduce the environmental nuisance.
Increasing awareness of environmental degradation and the scarcity of resources have pushed the public to care more about the generation of waste and to engage in more saving behaviors. In this case, this paper suggests that environmental education is also required to educate the public for the commitment of green consumption.
The environmental policy may consider the finding and the suggestion in this paper to form a more proactive policy by emphasizing 1) consumption saving directed by prevention principle and 2) the recovery of materials and the regeneration of energy from various waste fractions to achieve sustainable development. In practice, recycling of materials from sorting or recovery of energy from the incineration of municipal solid wastes may yield economic benefits for some interested parties involving MSW management. In practice, the recycling of waste paper, metals, and plastics contributes much to society for the increased employment and economic benefits in addition to the mitigation of environmental externalities. Economic attraction may play a more important role in changing human behaviors to engage in more clean production and green consumption. And thus, some mechanisms to motivate recycling performance through the cooperation of the interested parties in the recycling process, including collectors, material recovery plants, and incineration plants, are required. However, no incentive mechanism is designed and implemented currently to motivate interested parties to enhance the recycling of recyclables. A study may be extended to the issue in association with the incentive mechanisms in the future.
